Objective Admission D-dimer and C-reactive protein (CRP) values have been reported to predict the shortterm outcomes in acute aortic dissection (AAD). However, the association between D-dimer values and the long-term outcomes has not been investigated. Methods The primary endpoints included events determined to be all-cause death, recurrence of aortic dissection, aortic rupture, and surgical intervention for the aortic aneurysm following the first hospital discharge. We performed a receiver operating characteristic analysis and determined the optimal cut-off levels of admission D-dimer, admission CRP and peak CRP values in terms of the sensitivity and specificity for predicting the presence of events. Using the optimal cut-off values, we performed a multiple Cox analysis and investigated the hazard ratio of admission D-dimer, admission CRP and peak CRP. Patients We retrospectively identified 173 AAD patients hospitalized between January 2005 and December 2013. Results A multiple Cox regression analysis revealed that the hazard ratios were 3.4 for admission D-dimer [95% Confidence Interval (CI) 1.5 to 7.3, p=0.004] and 2.7 for admission CRP (95% CI 1.2 to 5.5, p= 0.014). Conclusion Admission D-dimer and CRP values may predict the long-term outcomes in AAD. Moreover, admission D-dimer values may be a valuable marker to predict not only the short-term outcomes, but also the long-term outcomes in AAD.
Introduction
In general, acute aortic dissection (AAD) is a lifethreating condition characterized by an acute onset, rapid development, and high mortality in the acute phase. Even after a survival past the acute phase, the probability of severe adverse events such as death or the reoccurrence of aortic dissection remains high, with a 10-year mortality rate of 30-88% (1) (2) (3) (4) (5) . Therefore, classifying high-risk patients with a poor long-term prognosis is clinically important. With respect to the short-term outcomes in AAD, admission D-dimer and admission CRP values were found to predict in-hospital death (6) . On the other hand, the peak CRP level
The emergency department (ED) at this institution takes in an average of 38,000 patients, including 7,200 ambulances, annually. Data from hospital admission records were collected by participating members and compiled in a chart from which AAD patients hospitalized between January 2005 and December 2013 were retrospectively identified. The inclusion criteria were AAD presenting within 14 days of symptom onset and confirmed with non-contrast computed tomography (CT) or contrast-enhanced CT imaging. The exclusion criteria were death during the first admission, failure to obtain the admission D-dimer values, or failure to make an outpatient visit after discharge. The first day of discharge was set as the beginning of the follow-up period. The study's primary endpoint was the presence of an event determined to be all-cause death, the recurrence of aortic dissection, aortic rupture, or surgical treatment of the aortic aneurysm following the first hospital discharge. In keeping with previous studies (8) (9) (10) (11) , not only death due to aortic events, but also other causes of death were included. Patients were followed until the occurrence of an event. Patients with no reported events were followed until their last outpatient visit.
This study was performed in accordance with the Helsinki Declaration and was approved by the institutional review board of Tokyo Metropolitan Tama Medical Center with a waiver of informed consent to review the patient records (approval number 28).
Definition of the clinical criteria
Assays were conducted with Nanopia R D-dimer and Nanopia R CRP, which utilize a monoclonal antibody (Sekisui Medical, Tokyo, Japan; normal limit <1 mcg/mL and <0.3 mg/dL, respectively). Several studies (12, 13) have reported that D-dimer levels were elevated within 6 hours and reached their peak within 24 hours after the onset of aortic dissection. Therefore, we adopted the value of D-dimer at the time of admission. On the other hand, CRP levels gradually elevated, reaching their peak within 4-6 days post-onset. Consequently, we adopted the CRP value at admission and the CRP peak value within 6 days after onset during the first period of admission.
Hypertensive patients were identified by a history of hypertension in their clinical record or from their use of antihypertensive agents before the initial admission. Patients suffering from diabetes mellitus were similarly identified by their clinical record or by their treatment with oral hypoglycemic agents or insulin prior to the initial admission. A history of dyslipidemia was identified according to the clinical records or the use of lipid lowering agents before the initial admission. A partial enhancement of the false lumen was defined as the non-thrombosed type, and the absence of an enhancement of the false lumen as the thrombosed type.
Non-contrast CT images were interpreted by boardcertified radiologists blinded to the clinical data. Whenever there was any difficulty in identifying the false lumen type, the cases in question were removed from consideration. The maximum aortic diameter of the dissected aorta in all of the patients was determined by measuring one cross-sectional CT image. Other clinical criteria were defined according to the clinical record. We regarded any data not included in the records to be outside the scope of the present study.
Statistical analysis
Continuous normally distributed variables were expressed as the mean (± standard deviation) and not-normally distributed variables as the medians (interquartile range). These variables were compared with Student's t-test. Categorical variables were compared with the chi-square test when appropriate; otherwise, Fisher's exact test was used. A receiver operating characteristic (ROC) analysis was performed to determine the optimal cut-off values for admission D-dimer, admission CRP, and peak CRP values in predicting the presence of events with high sensitivity and specificity. After the subjects were divided into two groups using the cut-off values, the cumulative incidences for admission D-dimer, admission CRP, and peak CRP values were estimated by the Kaplan-Meier method, and differences were assessed using the log-rank test and Wilcoxon test to reveal how event-free rates of the high and low groups changed in the long-term. Finally, a multiple Cox regression analysis was performed to investigate whether admission D-dimer, admission CRP, or peak CRP values were related to the presence of adverse events even after adjusting for other factors. These factors were adjusted for age and sex in addition to relative variables, which were selected by the stepwise method. p values <0.05 were considered to be statistically significant. All data analyses were performed using a commercially available statistical software package (JMP1 10, SAS Institute, Cary, USA).
Results
Between January, 2005 and December, 2013, 219 patients were diagnosed with AAD using a non-contrast CT image or contrast-enhanced CT image before admission to Tokyo Metropolitan Tama Medical Center (Fig. 1) . The D-dimer value was not measured at the time of admission in 2 patients; 27 patients died during the first admission, and 17 failed to make an outpatient visit, leaving 173 patients for inclusion in this analysis. Among these patients, 31 patients experienced events including 14 all-cause deaths, 3 recurrences of aortic dissection, 1 aortic rupture, and 13 surgeries for an aortic aneurysm, while 142 patients experienced no events during the follow-up period. The mean follow-up period was 1,087.9 days (event group: 1,081.4 days; non-event group: 1,087.9 days).
First, the baseline characteristics including the admission D-dimer, admission CRP, and peak CRP values of the event group were compared with those of the non-event group ( Table 1) . As a result, the percentage of patients with a history of aortic aneurysm (13.0 vs. 2.1%, p=0.021), admission D-dimer (32.4±45.0 vs. 13.6±22.2 mcg/mL, p<0.001), admission CRP (3.6±5.3 vs. 1.49±3.2 mg/dL, p=0.004), peak Next, a ROC analysis was performed to determine the optimal cut-off values for admission D-dimer, admission CRP, and peak CRP values for predicting the presence of events with high sensitivity and specificity (Table 2 ). According to the results, the following values were chosen as cut-off values: 31.1 mcg/mL for D-dimer (sensitivity: 32.2%, specificity: 89.4%, odds ratio: 4.0, 95% CI 1.6 to 10.2, p=0.004), 1.6 mg/dL for admission CRP (sensitivity: 41.9%, specificity: 81.7%, odds ratio: 3.2, 95% CI 1.4 to 7.4, p=0.008), 12.2 mg/dL for peak CRP (sensitivity: 66.6%, specificity: 57.9%, odds ratio: 2.8, 95% CI 1.2 to 6.5, p=0.015). The area under the curve was 0.623 for admission D-dimer, 0.597 for admission CRP, and 0.620 for peak CRP. According to these cut-off values, the subjects were divided into high and low groups. The details of the events in each group are shown in Table 3 . The significant differences in related factors between the high and low groups for admission D-dimer were systolic blood pressure (BP) at admission (131±35.3 vs. 150.2±39.5 mmHg, p=0.024), peak CRP (17.5±9.0 vs. 10.8±6.3 mg/dL, p<0.001), platelet count (13.8±4.6 vs. 18.9±6.2×10 3 /mcL, p<0.001), the percentage of patients prescribed calcium channel blockers at discharge (44.0 vs. 67.8%, p=0.041) and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACE-I/ARB) at discharge (28.0 vs. 54.1%, p=0.018), and the maximum aortic diameter (44.4±9.7 vs. 40.0±9.5 mm, p=0.038). In addition, 17 patients who were excluded because they had failed to make an outpatient visit were assessed with the result that no significant difference was observed between the groups (systolic BP at admission: p=0.317, peak CRP: p= 0.221, platelet count: p=0.466, calcium channel blocker: p= 0.559, ACE-I/ARB at discharge: p=1.000, maximum aortic diameter: p=0.126) except for diastolic BP at discharge (89.0±1.4 vs. 66.0±11.7 mmHg, p=0.019).
We next evaluated the cumulative incidences for admission D-dimer, admission CRP, and peak CRP by the Kaplan-Meier method. With respect to admission D-dimer and admission CRP values, the event-free rate for the high group gradually decreased and showed a significantly poorer prognosis compared with that of the low group (admission D-dimer: p=0.004; admission CRP: p=0.008; Fig. 2 ). On the other hand, no significant difference between the event-free rate for the high and low groups was detected, although the event-free rate for the high group showed a tendency to decrease gradually for peak CRP (p=0.098; Fig. 2) .
Next, the stepwise method was utilized to select variables relevant to the presence of an event, with the result that a history of aortic aneurysm (p=0.021), surgery at initial hospitalization (p=0.170), admission D-dimer (p=0.019) and admission CRP (p=0.027) were selected. Because the KaplanMeier curve showed that peak CRP was not a significant determinant of the long-term clinical outcomes, it was excluded from the variables in a multiple Cox regression analysis, which was performed to determine whether admission D-dimer and admission CRP remained relevant to the presence of events, even after adjusting for the relevant variables besides age and sex. The results showed that the heart rate (HR) was 3.4 for admission D-dimer (95% CI 1.5 to 7.3, p=0.004) and 2.7 for admission CRP (95% CI 1.2 to 5.5, p=0.014) ( Table 4) .
When focusing only on type B AAD, the following were chosen as the cut-off values: 31.1 mcg/mL for D-dimer (sensitivity: 28.6%, specificity: 91.3%, odds ratio: 4.2, 95% CI 1.3 to 13.8, p=0.023), 1.6 mg/dL for admission CRP (sensitivity: 52.3%, specificity: 82.6%, odds ratio: 5.2, 95% Kaplan-Meier method. With respect to the admission Ddimer and admission CRP values, the event-free rate for the high group showed a significantly poorer prognosis compared with that of the low group (admission D-dimer: p= 0.047; admission CRP: p=0.001). No significant difference between the event-free rate for the high and low groups was detected for peak CRP (p=0.091). A Cox regression analysis could not be performed because there were only 22 events for type B AAD patients.
Discussion
High values for admission D-dimer and admission CRP were found to be potentially related to poor long-term outcomes in AAD. No significant difference between the eventfree rate for the high and low groups for peak CRP was found, although that of the high group showed a tendency to decrease gradually compared with that of the low group. The correlation between a high admission D-dimer value and the long-term outcomes in AAD could be explained by the fact that the absolute level of D-dimer may correlate with the extent of aortic dissection (14) (15) (16) ). An extensively dissected wall is weakened and gradually enlarged over time or otherwise ruptures, or patients experience re-dissection suddenly several months later due to reasons such as transient blood pressure elevation. From a pathophysiological point-of-view, D-dimer is produced as a degradation product of cross-linked fibrin (17, 18) . We hypothesize that the more extensive the aortic dissection, the greater the amounts of tissue thromboplastin and plasminogen produced, leading to high activation of both coagulation and fibrinolysis. This, in turn, leads to a greater production of D-dimer from plasminogen and stabilized fibrin. The present study did not establish whether absolute levels of D-dimer correlated with the extent of aortic dissection due to the difficulty of determining the extent of aortic dissection by CT imaging alone. However, a previous study (14) (15) (16) reported that the type of AAD correlated with the D-dimer values and demonstrated that the D-dimer values tended to be higher with more extensive aortic dissection. The results of the study support the finding that the value of D-dimer accurately reflects the size of the dissection.
A potential explanation of the association between the admission CRP value to the long-term outcomes in AAD is that elevated admission CRP values might affect the remodeling of the dissected aortic wall. CRP was reportedly normal at admission in most AAD patients (19, 20) . Therefore, it is likely that the elevation of admission CRP was not caused by AAD but by other forms of chronic inflammation which existed before the onset of AAD. CRP may progress to arteriosclerosis, amplify the immune response, and affect coagulation (21) (22) (23) (24) (25) . The elevation of admission CRP itself might affect remodeling of the dissected aortic wall. However, these ideas are nothing but speculation. Further prospective studies are needed to clarify these uncertainties.
AAD is a life-threating disease with a high probability of adverse events such as death and the reoccurrence of aortic dissection in the chronic phase. We believe that classifying high risk patients who have poor long-term outcomes is clinically important. With respect to the short-term outcomes in AAD, admission D-dimer and admission CRP values were found to have a predictive value for hospital death (6).
Regarding the long-term outcomes, several studies (9, 18, (26) (27) (28) reported that female sex, history of aortic aneurysm, false lumen closure state, and the aortic diameter were prognostic factors. However, evaluating aortic closure is difficult when the anatomy of the aortic dissection is complex or the patient can only be evaluated using noncontrast CT images due to kidney function failure. In addition, evaluating the maximum aortic diameter at the surgical site is often difficult with one cross-sectional CT image. In such situations, it appears that these parameters alone are not sufficient to evaluate the long-term prognosis. Sakakura et al. (7) reported in 2010 that peak CRP predicts the longterm outcomes in type B AAD. In addition, we found that admission D-dimer and admission CRP values might also be useful markers to predict the long-term outcomes in AAD.
Given our results, we suspect that admission D-dimer and admission CRP might serve well as markers for predicting the long-term outcomes in AAD. Moreover, the long-term outcomes might be predicted more precisely if other useful markers, such as the results of CT imaging, are incorporated. In most cases, D-dimer and CRP evaluations are ordered at admission for the diagnosis of AAD, allowing the physician to refer to them later to predict the long-term outcomes.
Limitation
There are several limitations associated with the present study. The study population was limited, with only 219 patients enrolled. In addition, this single-center retrospective study design poses a risk for patient selection bias. D-dimer rises in pregnancy, or in the presence of cancer, pneumonia, and so on. Therefore, the values obtained in some of the cases may reflect not just AAD, but other concurrent processes as well. Due to the small number of events, a multiple Cox regression analysis could not be used to analyze admission D-dimer and admission CRP values using either factors selected by the stepwise method or important clinical factors besides age and sex. Finally, the data collected in this study were derived from the patients' medical records in our hospital, which imposes another limitation on our study in terms of the amount of information available.
Conclusion
Our retrospective study showed that admission D-dimer and admission CRP might serve as predictors for adverse long-term events in AAD patients. Further prospective studies are necessary to validate these findings. In addition, the correlation between the admission D-dimer value and the extent of the dissected area should be confirmed by further studies. A careful clinical follow-up may be desirable in those patients who have high admission D-dimer and high admission CRP values.
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